Using the China Health and Retirement Longitudinal Study (CHARLS) 2008 pilot, we investigate the relationship between cognitive abilities and social activities for people aged 45 or older. We group cognition measures into two dimensions: intact mental status and episodic memory. Social activities are defined as participating in certain common specified activities in China such as playing chess, card games, or Mahjong, interacting with friends, and other social activities. OLS association results show that playing Mahjong, chess or card games and interacting with friends are significantly related with episodic memory, both individually and taken as a whole (any of the 3 activities), but individually they are not related to mental intactness while taken as a whole they are. Because social activities may be endogenous, we further investigate using OLS reduced form models whether having facilities that enables social activities in the community level is related to cognition. We find that having an activity center in the community is significantly related to higher episodic memory but no relation to mental intactness. These results point to a possible causal relationship between social activities and cognitive function, especially in strengthening short-term memory.
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INTRODUCTION
Cognitive function is a key dimension of the quality of life for the elderly in all countries.
It is closely related to the ability to process information in daily life and helps shape overall well-being over the life course (McArdle, Smith, and Willis, 2011) . Cognitive function involves operations such as perception, memory, creation of imagery, and thinking, and declines sharply as people approach advanced age (Levy, 1994; Tilvis, et al., 2004) . With population aging, more people will begin to suffer from cognitive impairment. The situation is especially severe in China because of its extraordinary speed of population aging, accompanied by the eventual decline of families as a source of eldercare and the lack of long-term care facilities. It is thus important to study determinants of cognitive function to understand how to best postpone and slow down its eventual decline.
Social activities are of particular interest to us as they play a significant role in the daily lives of most Chinese elderly. Social-emotional Selectivity Theory (SST) argues that as people age, they become increasingly selective by investing greater resources in emotionally meaningful goals and activities. Present-oriented goals with emotional meaning are prioritized over future-oriented goals aimed at acquiring information about future decisions and expanding horizons (Löckenhoff and Carstensen, 2004) . Due to a gradual decline in cognitive functioning and the ability to deal with complex cognitive tasks, the elderly seek out more emotional goals.
Such motivations further limit their ability to seek information as well as their attention, memory, and cognition processing. However, cognitively stimulating social activity is hypothesized to benefit cognitive functions by providing resistance to mental diseases such as dementia, and reducing rates of cognitive decline (Hsu, 2007; Wang et al., 2002) . The effects of different social activities on cognitive functions of the old warrant more exploration especially for China where little research currently exists in part due to the lack of high quality micro data.
A large volume of literature has investigated the relationship between cognition and social activities or social engagement among the elderly (Wang et al., 2002; Allaire and Marsiske, 1999; Zunzunegui et al., 2003) . These studies confirm a positive relationship between the two.
Among these studies, Zunzunegui et al. (2003) using data from a longitudinal survey of community-dwelling people over age 65 analyzed causal effects of social networks, social integration, and social engagement on cognitive decline of community-dwelling older Spanish adults with social variables measured at baseline, and cognitive change and decline measured after four years of follow up. They were unable to determine whether the observed effect of social relations on cognitive function was the result of cumulative lifelong exposure to extensive social networks, or a consequence of an abrupt change from an extensive network to a more limited one.
Similar studies on the relation between cognition and social activities in developing countries such as China are more fragmentary, primarily due to the lack of relevant data and a concentration on the young relative to health of elderly. Asian population is of particular interest because their elderly people are more likely to reside with their children and social activities may play different role in their lives than in the western world. Glei et al. (2005) and Hsu (2007) are two exceptions that used longitudinal data from the survey of elderly in Taiwan and explored the effects of social participation on cognitive function. Hsu (2007) focused on regular social group participation and ignored leisure activity. He found that participating in any of these social groups has no significant correlation with cognitive function. Glei et al. (2005) used a broader definition of social interaction that includes more recreational activities and found that participating in these social activities may play an important role on delaying cognitive decline. In our study, we employ similar definition of social activity as in Glei et al. and investigate data from mainland China that has the same tradition of living arrangement but is at different stage of economic development under a different institutional background. In addition to what has been done in Hsu (2007) and Glei et al. (2005) , we will try to seek a causal explanation through exploring the community level facilities and organizations that enable more social interactions among Chinese elderly. In the CHARLS sample people for the most part do not choose the community in which they live, but instead they mostly live where they were born. CHARLS respondents who are by design ages 45 and over are relatively immobile and did not participate in the great Chinese migration patterns. About nine in ten CHARLS respondents are living in the same county in which they were born and less than one in every 20 are living in a different province in which they were born (Smith et al, 2012) .
1 Letters to respondents were delivered (often by the village leader) to households to inform them of the significance of the study, contents of questionnaires, provision of a free physical examination, compensation, as well as the expected date of arrival of the interviewers. On the day of the interview, interviewers were often introduced to the households by community leaders to confirm the authenticity of their identity. When refused, multiple attempts were made to persuade respondents to participate and the team leader was required to go and make a final attempt before declaring the household a refusal belonging by providing a chance to interact with those with whom one shares interests and personalities. The effort to win games-remembering rules, learning skills, observing and reacting to others' behavior-forces the brain to work and is hypothesized to enhance people's cognitive functioning through such activities. Provided that sufficient infrastructure and services in the community exist, playing Mahjong or chess at home or in the neighborhood is a common way for older Chinese to spend leisure time by interacting with friends and neighbors.
Cognitive Ability (CA)
Cognitive function of respondents is also measured in the "health status and function" module in the CHARLS questionnaire, which tests orientation, calculation, word recall, and other cognitive dimensions. Cognitive ability can be generally categorized into fluid cognitive ability (FCA) and crystallized cognitive ability (CCA). The former concerns learning performance and processing of new material, which tends to decline substantially in adulthood (Schaie, 1994; Verhaegen and Salthouse, 1997) . The latter includes knowledge and skills accumulated in the past, which are not as easily lost.
In this research, for simplicity we classify cognitive abilities into two categories: mental intactness (MI), and episodic memory (EM). As shown in Table 2 is that the number of observations over age 80 in the CHARLS data is relatively small (only 69 in total) so that the patterns start to become erratic at these ages Episodic memory is a very general measure of an important aspect of fluid intelligence since access to memory is basic to any type of cognitive ability. Most of the variation in this measure is picking out the low end people with bad memory so social activities of the sort analyzed here may have noticeable impacts. Intact mental status, however, contains elements of both fluid and crystallized intelligence, needed for many cognitive tasks but not specific to any particular domain (see McArdle et al., 2011) .
Other Variables
Other control variables are mainly concerned with demographics, socioeconomic status and community level variables. Demographics include a quadratic in age to capture any non-linear effect of age, sex (female =1), marital status of the respondent (married =1), location of household (urban or rural (urban =1)), and province of residence (Zhejiang or Gansu), number of children, and number of siblings. Number of children, including both biological and non-biological daughters and sons, serves as one measure for family support.
Socioeconomic status has two dimensions: education and log household expenditure per capita (log PCE). Education is classified into five discrete educational groups: illiterate, able to write or read, finished primary school, finished junior high school, finished senior high school or above. In the second category, "able to write or read" includes those not finishing primary school but capable of reading or writing, or those reported to have been in "Sishu". 4 The category of "high school or above" includes those completing a senior high school, vocational school, college, or graduate level education. We also control log PCE to capture effects of financial resources. In rural developing economics, consumption expenditures represent the best measure of the economic resources available to the family (Strauss and Thomas, 2008) .
Lastly, we include community demographics and socioeconomic status, since we believe that cognition may be affected by one's surrounding environment (Engelhardt, 2010; Hauser, 2010) . Three aspects of the community are considered: demographics, public services, and a general community evaluation. For demographics, we include the sex ratio (the percentage female) and the number of big surnames-a surname where large numbers of people in the village share the same last name. The latter is included since the possibility exists that some unobserved genetic factors systematically affect people's cognitive functions and the number of big surnames may indicate relatives in the community with whom the respondent may interact so it may serve as a measure of social connectedness.
Community-level variables generated from the CHARLS community survey are used to capture public services. These community level variables are derived from a separate survey of community leaders that describes current facilities and histories of the community. For example, the number of libraries and the distance from the community/village office to the most commonly used library are both used. Similarly, number and distance are asked for kindergartens, primary schools, middle schools, senior high schools, theatres, nursing homes, bus lines, and train station. We include a variable measuring percent of people with one or more telephones and percent with one or more mobile phones in the community. Accessibility and availability of public services is a reflection of social and economic capital in a society that is effective in improving people's health (Yip et al., 2007) . For evaluation of community, we have three measures; 1) Log public expenditure during the past year; 2) community Log per capita expenditures and 3) interviewer rating of whether community medical service is poor.
Community log PCE is an average of individual respondents log PCEs in each community. Regional disparity is more pronounced than sex differences. Living in an urban area or in Zhejiang province has a great advantage in participation in social activities: 53.5 percent of urban people took part in social activities, compared with only 39.4 percent for those in rural areas. 55.6 percent of Zhejiang residents are involved in social activities, compared to only 33.8 percent of Gansu residents. Urban residents have a 7.4 percent higher participation rate in interacting with friends, and a 10.4 percent higher rate in playing Mahjong, chess, or cards. This rural-urban difference may be due partly to urban elderly having more leisure time than rural elderly who are busy trying to make a living. One factor that likely impacts participation is accessibility and availability of activating facilities in the village/community, discussed below.
Summary Statistics
The last four columns in Table 1 list social activity participation across four age groups.
People become less engaged as they age, which may be partly due to declining health with age. Table 3 summarizes the distribution of test scores on the mental intactness (MI) and episodic memory (EM) of respondents, where large differences exist across sex, region, and age.
The mean score for MI is 8.62 and for EM is 2.99. The description illustrates that women are on average much more cognitively impaired. Rural Gansu elderly are also more disadvantaged in 6 These age patterns may reflect cohort effects as well and cohort effects are plausible given the large changes in China over time. With only cross-sectional data, we can not distinguish between age and cohort effects. The use of ten year age groups centered on ages 50 and 60 reflects the fact that the official retirement age for urban women is 50 and for urban men is 60.
both aspects of cognitive abilities. Comparing people of different age groups, the older group is associated with lower cognitive ability, which is consistent cognition declining with aging. Table 3 displays the two-way association between participation in social activities and our two cognitive function measures-mental intactness (MI) and episodic memory (EM). Those who participate in social activities uniformly have higher scores in mental intactness and episodic memory for both men and women, particularly sharp for episodic memory.
THE ASSOCIATION OF SOCIAL ACTIVITIES AND COGNITIVE FUNCTION
To go beyond a simple two-way association, we estimated OLS association regressions that control for other confounding factors in Tables 6 (for mental intactness) and 7 (for episodic memory). In each table, Models (1) and (2) display the results from two models with different measures for social activities. In the first model, three separate social activities "interacting with friends," "playing Mahjong, chess, or attending a club" (and "taking part in other social activities" are included together as the key explanatory variables; while in the second model we use instead the variable "taking part in any of the social activities." In addition to these cognitive measures, both models includes standard demographic controls (a quadratic in age, female, urban, Zhejiang residence, and the number of children and number of siblings), economic controls (education, and log PCE) as well as detailed measures of the community in which the respondent lived. These variables are described in detail above. We have assumed that more relatives lead to more social interactions. The Chinese fertility rate has been lower in the more economically developed areas, resulting in fewer children and siblings in urban areas, but our results suggest no strong effect on elderly cognition will follow.
MI is highly influenced by all SES factors. Compared with those who are illiterate, people with some education have a better mental status, which is consistent with the hypothesis that education is a determinant factor of the heterogeneity in cognitive functions in old age (Leibovici et al., 1996) . The results also imply that higher education are related to higher MI scores, as the size of coefficients become increasingly larger as we move from lower levels to higher ones. As expected, household expenditure is positively associated with MI.
With a few exceptions community level variables are not statistically significant. Among the few that are significant, better mental intactness is associated with shorter distance between community center and the most-commonly used middle school and/or a library and a higher number of bus lines. The share of female population exhibits a positive sign even though the female dummy is negatively associated with cognition. We think that the female population share represents the level of economic and social conditions in local areas. As shown in Table 5 , although the share of female population is normal overall (50.1 percent), the maximum share reaches 53.3 percent and the lowest 48.6 percent. Unbalanced sex ratio is due to two reasons.
First, in areas of longer life expectancy, women outlive men to create higher ratio of female in the population. Secondly, in less developed areas where sons are valued more than daughters, sex selective abortion produced highly skewed sex ratio among younger population (Ebenstein, 2010) . In both cases, higher ratio of females is associated with better life conditions, which may be positively correlated with community cognition levels. Other community level variables may not be able to fully capture these regional disparities. With prefecture fixed effects (not shown), the significance of percent female disappears, supporting the hypotheses here.
8 Table 7 illustrates a parallel OLS association estimation in which episodic memory (EM)
is regressed on variables representing social activities and the same set of other control variables included in the MI model. 9 Both any social activity participation collectively and interacting with friends or playing card games are strongly statistically associated with EM. In addition, in the second model that includes the single measure of participation in any social activity it is strongly related to our measure of episodic memory.
Looking next at the control variables, once again memory increases with age at a decreasing rate. Memory level reaches its peak at 47 (=(0.134*100)/(2*0.142)) years of age, after which it starts declining. Unlike the disparity between men and women for mental intactness, there is generally no sex difference for EM and no statistically significant relationship with the number of relatives. All regional measures-urban and province-are also not significant suggesting that the other covariates (mostly likely education and income) pick up the regional disparities displayed in the descriptive tables. Once again, education and log PCE are strongly related to our cognitive measure-in this case episodic memory.
From the bottom panel, most community level variables are statistically insignificant.
Similar to the prior table, distance between community center and most-commonly used middle school is negatively correlated with episodic memory. Episodic memory is positively associated with the number of kindergartens in the community. These results indicate that availability and 8 A prefecture is a administrative district that is between province and county or county-level city.
9 As the two dependent variables have different missing values, observations of these two regressions are slightly different.
access to education resources may play important roles in improving people's mental health. Taking account of unobserved prefecture level variations in culture, climate, and geographic factors that may affect cognition, we also estimated prefecture fixed effects models. The results (not shown) are remarkably similar to those contained in Tables 6 and 7 . The significance and magnitudes of coefficients on SA do not change much.
Summarizing our results, OLS association regressions with multiple SA measures provide evidence of a positive correlation between cognitive functioning and participation in social activities. Despite the salient association, closer scrutiny is needed because OLS regressions may be biased due to the endogeneity of people's participation decisions, an issue in the next section.
THE ASSOCIATION OF COMMUNITY FACILITIES AND COGNITIVE FUNCTION
OLS estimates of the association between social activities and cognitive functions do not have a causal interpretation as unobserved heterogeneity may introduce a correlation between social activities and cognitive function. Sources of this unobserved heterogeneity may include aspects of the environment, people's preferences and personalities. While the natural environment is controllable to some extent by including community level variables in the models, the other sources of individual heterogeneity are not easy to control. Although we include a rich set of individual and spatial variables in our model, they can not be perfectly controlled for. Another possible source of bias is reverse causality-taking part in social activities requires some minimum cognitive skills, or, people with cognitive impairment deliberately seek social activities as therapy for slowing down the decline.
One option to get around of this problem is to find instrumental variables. We have a set of instruments in mind, i.e., the availability of community facilities that accommodate social gatherings. For example, starting from 1995, the Chinese government started the Universal Exercise Plan (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) encouraging Chinese people to participate in physical activities. In the past decade, especially during pre-Olympic years, enforcement of the plan was strengthened. Accompanying this was a larger governmental investment in community recreational facilities/organizations and advocating for participating in exercises. This development is different across community/village because variation in capacity for building facilities and the strength of local leaders. Because there is no evidence that this difference is directly related to cognition function, these variables can serve as candidates for IVs for social activities. However, probably because the number of communities in our sample is relatively small, these variables do not pass weak instrument tests. Thus, instead of directly tackling the causal relationship, we opt to estimate OLS reduced form equations to test whether these variables are associated with cognitive function.
The CHARLS community survey contains information on whether a village/community has certain facilities/organizations shown on a list. There are 15 items on the list: (1) a basketball court; (2) a swimming pool; (3) outside exercising facilities; (4) outdoor sports facilities; (5) rooms for card games and chess games; (6) rooms for playing ping-pong; (7) calligraphy and painting associations; (8) other entertainment facilities; (9) dancing teams or other exercise organizations; (10) organizations for helping the elderly and the frail; (11) employment services; (12) healthcare organizations; (13) activity centers for elderly; (14) elderly associations; and (15) nursing homes.
The first variable of community facility, "outdoor facilities," takes value 1 if the community has outdoor recreational facilities (1-4 on the list). Having outdoor facilities provide people with place(s) to gather. The second variable, "whether there are activity centers for the elderly" (item 13) is necessary for people to play Mahjong, chess, or cards, or participating in a club. The third variable is the dummy indicating whether the community has organizations that help the elderly and the handicapped (item 10). We also create a variable indicating whether the community has any of the three types of facilities. The items in the survey question not utilized include employment service, health care organizations, elderly associations, and nursing homes.
Though important facilities and organizations, these items are omitted due to their possible direct impact on people's cognitive health (for instance, employment services teach people job skills and knowledge that improves cognition, and health care organizations enhance mental intactness and cure cognitive diseases such as dementia). As the purpose of examining the facilities is to explore the effect of social activities on cognition, we only keep those that are likely to affect cognition only through affecting social activities. The detailed distributions of these facility variables by residency and province are reported in Table A1 . showing that the facility variables are highly associated with SA participations among the elderly, consistent with the mechanisms discussed above. Tables 8 and 9 give the OLS reduced form estimates of the associations of community facilities and the two types of cognitive functions, mental intactness (MI) and episodic memory (EM) respectively. Similarly as before, we employ two models in each table. Model 1 includes the three types of facilities separately while Model 2 only the aggregate facility measures "any of the above facilities." From Table 8 , the facility measures do not significantly affect mental intactness, which is consistent with the results in the OLS association estimation in Table 6 , where almost all of social activity measures lack significance on the correlation with mental intactness. Table 9 replaces mental intactness (MI) as the dependent variable with episodic memory (EM). As seen from the first model, having activity centers for the elderly is significantly (at 1% level) associated with better episodic memory, while the other two types of facilities are not.
These results are also consistent with the OLS association estimates in Table 6 where we see significant (at 1% level) correlation between playing Ma-jong, chess or card. The likely explanation is that having activity centers for the elderly allowing for more involvement in playing Ma-jong, chess or cards, which further promotes episodic memory. Accordingly from the second model, we see significant correlation between any of the facilities and episodic memory, which is most likely driven by the effect of having activity centers for the elderly.
In sum, we interpret our results as providing some support for the hypothesis that taking part in social activities could help slow down the cognitive decline of the elderly. The results are consistent with findings from Glei et al. (2005) that employed similar definition and was based on data from Taiwan where the tradition of living arrangement is most similar. This indicates that social participation plays an important role even in a society where family members are more likely to live together regardless of level of economic development. Our results also imply that providing more activity facilities in the community could be helpful to the cognitive health of the elderly as facilities involve more people in social activities. We are cautious in our interpretation since we do not directly estimate the causal effects especially in light of the relatively small sizes in the CHARLS pilot which was fielded in only two provinces.
Most sample sizes in the HRS net work of surveys exceed 10,000 households and China is a very heterogeneous country which makes larger samples even more important. The availability of the full CHARLS survey, especially its panel, in a few years with much higher samples will help provide additional tests of our hypothesis.
CONCLUSIONS
With data from the 2008 CHARLS pilot, this paper explores the relation between social activities (SA) and cognitive outcomes for Chinese elderly aged 45 and older, where cognition is composed of two dimensions-mental intactness (MI) and episodic memory (EM). There are several key limitations to our analysis. Most important, we are only able to examine two
Chinese provinces with moderate sample size and must rely for now on cross-sectional analysis.
A larger sample size spanning the entire country would not only address the issue of representativeness, but also provide greater variation across communities-the analytical center of our analysis. Panel sample will aid in identification of causal pathways.
Our major findings are roughly half of Chinese 45 and older take part in social activities.
Second, participation in social activities is highly dependent on respondents' socioeconomic status and community environment. Third, OLS association results show that playing Mahjong, chess or card games and interacting with friends are significantly related to episodic memory, both individually and taken as a whole (any of the three activities), but individually they are not related to mental intactness while taken as a whole they are. Fourth, having an activity center in the community is significantly related to higher episodic memory but no relation to mental intactness. These results point to a possible causal relationship between social activities and cognitive function, especially in strengthening short-term memory. Our research suggests that an effective way to maintain cognitive abilities at advanced ages may be to improve community facilities, such as by providing Mahjong rooms or other entertainment facilities. 
